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“RF-Data provides physicians with extra help in the risk assessment of cardiovascular
desease (CVD) and target organ damage (TOD). Accuracy, ease of use and reliability

are the core of this innovative technological too

III

Dr. ing. PJ. Brands, Advanced Projects, Esaote, Maastricht, The Netherlands

Innovations in ultrasound technology as developed by Esaote al-
lows for measuring intima media vessel wall thickness (IMT) and
arterial stiffness automatically and accurately by means of ultra-
sound radio frequency data (RFdata) technology. The Esaote ul-
trasound systems combine advantages of B-mode imaging (visual
morphology) with integrated RF-data technology for automatic
assessment of blood vessel wall properties and most importantly
with inherent measurement quality feedback.

Major clinical studies have shown that intima-media wall thick-
ness (IMT) and stiffness of the carotid artery is associated with the
risk of cardiovascular disease (CVD). The most important changes
in arteries described in these studies in relation to CVD are stiff-
ness of the elastic vessels and thickening of their walls correla-
tions that remain significant after correcting for age.

Why RF-data technology?

Ultrasonic waves have an intimate and strong interaction with
propagating media, only the radio frequency (RF) signal received
preserves 100% of the informative content collected. A B-Mode
ultrasound image is a non-linear gray-scale representation of the
RF signals received. The non-linear character of the B-mode im-
age processing necessary for optimal image quality makes the
B-mode image unsuitable for measuring blood vessel wall prop-
erties. Therefore, by obtaining RF-data technology for the meas-
urement of blood vessel wall properties Esaote uses 100% of the
available information in the data received, solving the traditional
compromise between image quality and measurement quality.
The potentiality of the available information in the RF-data can
be explored by advanced signal processing.
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The Radio Frequency signal (red) directly related to the ultrasound wave received
with amplitude information (blue).

Assessment of Blood Vessel Wall
Properties by means of ultrasound

Cardio Vascular Disease (CVD) is the most common cause of
death in adults worldwide. CVD is not only a major threat to
individuals and their “quality” and “durability”of life, but is also
a major economic burden. Early detection and monitoring of pro-
gression can provide the opportunity for early medication ther-
apy rather than surgery at a later and more critical phase. Early
indications of CVD are:

e Thickening of the blood vessel wall
e Stiffening of the blood vessel wall
e High blood pressure

e High-level of cholesterol
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Thickening of the blood vessel wall

Clinical studies have shown that an increased vessel wall thickness (IMT) was
associated with an increased risk of incident myocardial infarction. Therefore,
IMT has been used as an important atherosclerosis surrogate in clinical practice
and in many dlinical studies.




Healthy vessel

Stiffening of the blood vessel wall

Stiffening of the blood vessel wall is the result of a long, but steady process and
is accelerated by life style (food, smoking, lack of exercise and increased weight).
In its final phase people are confronted with the disastrous consequences, €.g.
high systolic blood pressure, myocardial infarction and stroke.
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The progression of CVD will result in plaque formation with con-
seqguent reduction in blood flow possibly leading to cardiovascu-
lar problems including hearth failure, myocardial infarction and
stroke. Heart failure can be the consequence of a diseased and
stiff arterial tree, transferring too much load on the heart itself
and yielding consequent remodeling of the ventricles. Myocardial
infarction is usually related to myocardial ischemia because of re-
duced blood flow. Stroke is mostly caused by plaque rupture that
generates emboli reaching and blocking the cerebral circulation.
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CVD is the result of a long, but steady process and is acceler-
ated by life style (food, smoking, lack of exercise and increased
weight). In its final phase people are confronted with the disas-
trous consequences.

Today no direct feedback can be provided to subjects about the
quality of their vascular condition, with the consequence that no
early treatment or early follow-up is initiated to prevent further
degradation of the vascular condition and to delay the moment
that the disease causes serious troubles.
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RFQAS and RFFQIMT Technologies

Quality Arterial Stiffness (FQAS) and Quality Intima media Thick-
ness (FQIMT) are based on the Esaote RF-datatechnology for the
accurate assessment of arterial stiffness and vessel wall thickness.

They are the first step to early detection and early follow-up of
CVD, preventing further degradation of the vascular condition and
to delay the moment that the disease causes serious troubles. The
RFQAS and fFQIMT measurements are taken at the Common Ca-
rotid Artery, which represents a critical point in the vascular system.
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Quality intima media thickness (RFQIMT)

RFQIMT targets the measurement of the blood vessel wall thick-
ness of a subject in a selected area of investigation. The ease of
use combined with the real time quality feedback helps the op-
erator to achieve accurate and reproducible results. The measures
(even taken at different examination times) can be reported on
a normalised graph represented as plot indicators to assist physi-
cians in their diagnostic and therapeutically procedures.

Pulmonary
artery

Healthy vessel

Diameter: 5.93 mm
IMT: 324 ym

Diseased vessel

Diameter: 6.61 mm
IMT: 976 pym

For a properly carry out of the IMT measurement it is recommend-
ed to follow the Mannheim protocol which describes very clearly
the procedure. The software of the system supports the Man-
nheim protocol in the measurement process and in the reporting
structure. During the scanning of the carotid artery the doctor gets
real-time feedback on measurement quality via quality indicators
overlaid on the ultrasound image at the position of the vessel wall
(organge lines) and the far wall intima layer (green line). This real
time feedback gives the doctor the possibility to optimize his probe
position to have the best perpendicular position of the scan plane
in respect to the far wall of the common carotid artery.

Quality Arterial Stiffness (RRQAS)

FFQAS targets the measurement of the blood vessel stiffness of a
subject in a selected area of investigation. The blood vessel wall
stiffness is expressed as pulse wave velocity obtained from brachial
blood pressure and the accurate measurements of diameter and
change in diameter. Moreover, the local blood pressure at the site
of the ultrasound measurement is given.

Local blood pressure and stiffness is derived as quantification re-
sults based on sophisticated clinical studies.
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Diameter: 7.04 mm

Vessel parameters
Diameter: 7.04 mm
Distension: 610 pym
Stiffness PWV: 5.7 m/s

Distension: 610 pm
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Stiffness measurements

During the scanning of the carotid artery the doctor gets real-time
feedback on measurement quality via quality indicators overlaid
on the ultrasound image at the position of the vessel wall (orange
lines) and an indication of distension (green lines). This real time
feedback gives the doctor the possibility to optimize his probe po-
sition to have the best perpendicular position of the scan plane in
respect to the far wall of the common carotid artery.
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RFQAS and *FQIMT Measurement
Accuracy

The accuracy of both FFQAS and FQIMT is extraordinary and supe-
rior compared to other currently available conventional technolo-
gies. The in-vitro verification has been carried out in co-operation
with the Eindhoven University of Technology (TU/e).

The maximum achievable accuracy as obtained in the in-vitro ex-
periment is for diameter 51 um, for distension 1,4 um and for IMT
17 um. The latter is valid also in presence of substantial difference
in operator skill level.

The results of the in-vivo validation are reported in the following
table. In order to realize these results; the system provides on-line
feedback of the measurement by means of quality indicators over-
laid on the ultrasound and via the Standard Deviation (SD) over 6
consecutive cardiac cycles.

Pictures of the set-up of the in-vitro testing system at the Eindhoven University of
Technology

In-vivo validation

IMT (pm)
21 (5%)

Diameter (um) Distension (pm)

RFQIMT
RFQAS

88 (1%) 31(6%)
Subjects: 12 Healthy volunteers
Sex: 6 Male, 6 Female
Age: between 23 and 56
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Conclusion

The RF-data technology innovation as developed by Esaote makes
it possible to measure automatically and accurately the positions of
the anterior and posterior blood vessel wall, providing blood vessel
wall diameter, change in diameter and blood vessel wall thickness
of an artery as a continuous function of time. These measured
basic blood vessel wall properties provide, by calculation, access
to all major CVD related vascular stiffness parameters, e.g. pulse
wave velocity.
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